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Summary. Among the 21 autopsied cases of Whipple's disease on file at the Armed Forces 
Institute of Pathology, 4 had neurological symptoms and prominent involvement of the central 
nervous system, By light microscopy the lesions were composed of nodular aggregates of 
macrophages having cytoplasm that stained a distinctive pale blue with hematoxylin-eosin 
and bright red with the periodic acid-Schiff technique. By electron microscopy the cerebral 
lesions revealed bacilli morphologically identical to and undergoing the same sequence of 
degenerative changes as those observed in the intestine. The periodic acid-Schiff reaction 
stains the walls and the capsular material that persists even after intact organisms disappear. 
These observations further support the infectious nature of Whipple's disease. 

Zusammenjassung. Von 21 Fallen yon Whipplescher Krankheit in der Sammlung des 
Armed Forces Institute of Pathology zeigten 4 Fglle neurologische Symptome mit besonders 
ausgepr~gten Hirnlasionen. Lichtmikroskopisch bestanden die Herde aus knStehenfSrmigen 
Anhi~ufungen yon Makrophagen, deren Cytoptasma mit Hgmatoxylin-Eosin eine charakteri- 
stische sehwachblaue und nach Durchffihrung der Perjodsaure-Schiff-Reaktion eine stark rote 
Fi~rbnng zeigte. Elektronenmikroskopisch fanden sich in den Hirnliisionen Bacillen, die morpho- 
logisch den im Darm beschriebenen glichen und die auch dieselben Degenerationserscheinun- 
gen aufwiesen. Die Perjodsiiure-Schiff-Reaktion f~rbt KapselmateriM und Zellw~inde, die anch 
nach Untergang der Bacillen noch nachweisbar sind. Diese Beobachtungen werden als weiterer 
Beweis fiir die infektiSse _Atiologie der Whippleschen Krankheit angefiihrt. 

Hey-Words"  Whipple 's  Disease - -  Granulomatous  Encephalit is  - -  Electron 
Microscopy. 

I n  1907 Whipple reported a new condition characterized by  accumulat ions of  
foamy maerophages and lipid deposits in the submucosa of  the small intestine and 
in mesenteric lymph  nodes. He  te rmed this condition intestinal l ipodystrophy,  
focusing a t ten t ion  on the prominence of  abnormal  lipid deposits. Al though he was 
uncertain about  the etiology, he did report  the presence of  rod-shaped organisms 
in the mesenteric lymph nodes. Subsequently,  m a n y  more reports were published, 
establishing tha t  the disease could be diagnosed by  the presence of  periodic aeid- 
Sehiff-positive glycoprotein particles in the foamy maerophages (BLAcK-ScltAFF~, 
1949) and tha t  the condition involves m a n y  organs (UPTON, 1952; FARI~AN, 1958; 
and SI~RACKI, 1958), including the brain (SI~RACKI et al., 1960; K~iiCKE and 
STOCJ~DO~PH, 1962 ; LAMt'E~r et al., 1962 ; BAD]~NOCH et al., 1963 ; and SMITH et al., 
1965). 

HAUBR~CIt et al. (1960) were among the first to  s tudy  Whipple 's  disease by  
electron microscopy. They  observed mononuclear  cells which they  interpreted as 
being m u t a n t  reticular cells t ha t  elaborated the PAS-positive material.  C o ~  
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et al. (1960) described macrophages containing sinuous membranous  sacs and 
extraeellular dense bodies t h a t  t hey  considered to  be microorganisms. YA~DLEY 
and H~N])~IX (1961) recognized these bodies as bacteria. CHV, A~S and ASKWORT}~ 
(1961) concluded t h a t  the undigested capsular material  of  the bacteria gave rise 
to the typical  PAS-posit ive particles in the macrophages.  

The demonst ra t ion tha t  a favorable clinical response could be achieved with 
antibiotic the rapy  (E~GLA~D et al., 1960; DAws etal. ,  1963; TRIER and PHV, LPS, 
1963) provided further  evidence tha t  bacteria p lay  a role in the pathogenesis of  
Whipple 's  disease. T~IE~ et al. (1965) made the critical observations t h a t  the 
bacteria are absent  f rom the intestine of  antibiot ic-treated patients during re- 
mission bu t  reappear  with clinical relapse. 

While there are now numerous electron microscopic studies of  the intestinal 
lesions in Wlfipple's disease (Kv~Tz et al., 1962; KE~T et al., 1963; TRIEl~ et al. 
1965; DOBBIN and RVFFI~, 1967; PHIL]~IrS and FINLAY, 1967), we are unaware 
of  any  such studies of the cerebral lesions. I n  this repor t  we wish to draw further  
a t ten t ion  to the encephalitis t h a t  m a y  accompany  or even precede the other  
manifestat ions of  Whipple 's  disease and to demonstra te  t ha t  the cerebral lesions 
contain bacilli and their derivatives identical to those described in the intestine. 

Material and Methods 

In the files of the Armed Forces Institute of Pathology, which include case material from 
military, Veterans Administration, and civilian sources, there are 21 autopsied cases of 
Whipple's disease. Fifteen had been previously reported by E~ZI~GER and tIET.Wm (1963). 
Among the additional cases four showed prominent cerebral involvement and were available 
for this electron microscopic study. A histochemieal study of one of these cases has been 
reported previously (LA~P~RT, 1962). The patients were all Caucasian males whose ages ranged 
from 44 to 53 at the time of death. All four patients had displayed marked disturbances of 
mental function. Brain tissne was available from all four eases for light and electron micro- 
scopic study. Small intestine was present in one case and mesenterie lymph nodes in two of the 
c a s e s .  

For light microscopy, paraffin-embedded sections were stained with hematoxylin-eosin, 
periodic acid-Sehiff, Gomori methenamine-silver, and Gram stains. 

For electron microscopy, the formalin-fixed tissue was post-fixed in 1 ~ phosphate-buffered 
osmium tetroxide, dehydrated, and embedded in Epon. Sections 2 microns thick were stained 
with paraphenylenediamine, and suitable blocks were selected for further cutting. The thin 
sections were stained with uranyl acetate and lead citrate and were examined with a Siemens 
IA electron microscope. 

Results 

Light Microscopic Findings 

Viscera. The small intestine showed accumulat ions of  macrophages in the 
mucosa and submucosa. The individual villi were widened by  the cellular infiltrate 
and contained cystic spaces, bu t  the overlying epithelium was unremarkable.  The 
macrophages in the mucosa and the submucosa were rounded and possessed ampho- 
philie foamy cytoplasm. These cells were stained intensely by  the periodic acid- 
Schiff (Fig. i a) and the Gomori  methenamine silver techniques. I n  addition, there 
were scattered ]ymphocytes,  plasma cells, and polymorphonuclear  ]eukocytes. 

Mesenteric lymph nodes showed multiple irregular cystic spaces t h a t  obscured 
the usual follicular pat tern.  These were occasionally lined by  mult inueleated giant  
ceils. Admixed with the lymphocytes  were large foamy macrophages.  As in the 
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intestine, these stained strongly with the periodic acid-Schiff (Fig. 1 b) and Gomori 
methenamine-silver techniques. Interstitial and capsular fibrosis were promi- 
nent. 

Other visceral organs were unremarkable except for isolated cells that  stained 
by the periodic acid-Schiff technique. 

Brain. Tile brains from all four cases showed similar lesions consisting of 
nodular aggregates of macrophages measuring up to 0.2 cm in diameter. The 
component cells had a rather distinctive appearance, inasmuch as the cytoplasm 
stained pale blue with the hematoxylin-eosin (Fig. 2 a). I t  was stained intensely by 
the periodie aeid-Schiff (Fig.2b) and Gomori methenamine-silver techniques. 

Fig. 1. a Small intestine from a case of Whipple's disease with cerebral involvement, showing 
periodic acid-Schiff staining of the macrophages in the mucosa. • 300. AFIP Neg. No. 68-1667. 
b Mesenteric lymph node from a case of Whipple's disease with cerebral involvement, showing 

irregular spaces and PAS-staining macrophages. • 80. AFIP Neg. No. 68-1666 

There were rare small mononuclear cells about the nodular aggregates, although 
perivascular infiltrates of lymphocytes and plasma cells were prominent in one 
case. Occasional perivascular macrophages were also present in this particular 
case. These granulomas were randomly scattered throughout the cortical and 
subcortical gray matter of the cerebrum, the nuclear gray matter of the brain 
stem, and the cortical and nuclear gray matter of the cerebellum. Lesions were 
also diffusely distributed throughout the white matter, but they were less numerous 
and the individual cells were not so closely aggregated. Some nodules of the foamy, 
faintly basophilic cells were in a subependymal location (Fig. 3 a). These elevated 

l *  
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and/or protruded through the overlying ependymal cells and were associated with 
a proliferation of the subependymal astrocytes. These lesions had the same staining 
characteristics as the other cerebral granulomas (Fig. 3b). 

Electron Microscopic Findings 
By electron microscopy, a broader spectrum of cerebral lesions could be de- 

monstrated. In  the one case with a prominent perivascular inflammatory infiltrate, 
there were occasional large macrophages containing innumerable electron-dense 
fusiform structures (Fig.4). These appeared as rods, ovals, or circles, depending 
upon the plane of section, but had maximal dimensions of 0.2 • 2.0 microns. The 

Fig. 2a and b. Cerebral cortex from a case of Whipple's disease, showing granulomas composed 
of macrophages, a The cytoplasm stains a distinctive pale blue with hematoxylin-eosin. 
• 115. AFIP Nag. No. 68-1668. b The cytoplasm stains intensely with the periodic acid-Schiff 

technique. • 145. AFIP Neg. No. 68-1670 

protoplasm of the organisms was surrounded by a thin, electron-dense cell wall, 
which was in turn surrounded by  a smooth, homogeneous, moderately, electron- 
dense capsule (Fig.5a). Within these same macrophages were small aggregates 
of moderately dense membranous arrays (Fig. 5b). 

More frequently, however, the maerophages contained organisms tha t  appeared 
to be in various stages of degeneration (Figs. 6 a and 6 b). These were characterized 
by  uneven dumping of the protoplasm and large, irregular, unbounded lucent 
areas. Occasionally fibrillar material corresponding to bacterial nueleoids could 
be recognized. Where the protoplasm was less dense, tile bilaminar structure of 
the cell wall was apparent.  As the degenerative changes progressed, the previously 
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Fig. 3 a and b. Subependymal granulomas in a case of Whipple's disease with cerebral irzvolve- 
ment. a Note the pale blue foamy cytoplasm. H.-E. X 115. AFIP  Neg. No. 68-1673. b These 
macrophages also stain intensely with the periodic acid-Schiff technique. X 180. AFIP Neg. 

No. 1675 

smoo th  capsule became se r ra ted  (F igs .6a  and  6b).  Ev idence  of  b ina ry  fission 
(Fig. 6 c) was observed  and  ind ica t ed  t h a t  these  degenera ted  organisms were once 
prol i fera t ing.  
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Fig. 4. l~acrophage in a cerebral granuloma from a case of Whipple's disease. Note the abundant 
organisms in the cytoplasm. Uranyl acetate-lead citrate. • 4,000. AFIP Neg. No. 68-325%7 

:Fig.5a and b. Intact organisms from a cerebral granuloma, a Longitudinal section showing the 
homogeneous osmophitic protoplasm and smooth capsule. Uranyl acetate-lead citrate. • 50,000. 
A~'IP Neg. No. 68-3251-6. b Transverse section showing the organisms associated with a few 

serpiginous membranes. Uranyl acetate-lead citrate. • 50,000. AFIP Neg. No. 68-3251-5 
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6r  

Fig. 6~--c. Degenerating organisms from the granulomas in a case of Whipple's disease with 
cerebral involvement, a Longitudinal sectioI1 showing clumping of the protoplasm, unbounded 
lucent areas, and serration of the capsule. Ur~nyl acetate-lead citrate. • 75,000. AFIP Meg. 
No. 68-3251-4. b Transverse section showing serration of the capsule. Uranyl acetate-lead 
citrate. • AFIP Neg. No. 68-3251-3. c Longitudinal section showing evidence of 

binary fission. Uranyl acetate-lead citrate. • 60,000. AFIP Meg. No. 68-3251-2 

As the degenerat ion advanced,  the organisms became less numerous  and the 
accumulat ions  of collapsed serpiginous membranes  became more abundan t .  These 
often formed irregular  int racel lular  masses 5 to 15 microns across tha t  occasionally 
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indented the nucleus. Many of the macrophages contained only accumulations 
of membranes or only a rare recognizable organism (Fig. 7), and in two of the cases 
they were the only type of macrophages observed in the cerebral lesion. 

The subependymal aggregates displayed the same sequence of changes within 
the macrophages as did the parenchymal granulomas. The associated astrocytes 
showed abundant  ghal filaments characteristic of proliferated fibrfllary astrocytes. 

Fig. 7. Macrophage from a cerebral granuloma containing masses of serpiginous membranes 
and two degenerating organisms. Uranyl acetate-lead citrate, x 12,000. AFIP Neg. No. 

68-3251-1 

Discussion 

Mental and neurologic symptoms have been described in a number of cases 
of Whipple's disease, although this is not commonly regarded as a feature of this 
condition. E ~ z I ~ G ~  and HnLwm (1963) mention mental  disturbances, psychoses, 
or disorientation in one of their cases and in six from the literature. K~iYc~  and 
STOCH])O~P~ (1962), BAD~OC~ et al. (1963), and SMIT~ et al. (1965) each report 
single cases with mental  symptoms and histologically demonstrable cerebral 
involvement. These cases are comparable to ours, in which all four demonstrated 
symptoms of a presenile dementia. On the other hand, not all cases with cerebral 
involvement display such symptoms (SI~Ac~:I et al., 1960; KROCK]~ and SToc~- 
])o~PY[, 1962 ; ENZI~GE~ and HELWIG, 1963 ; and SM~T~ et al., 1965). 
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Light microscopic study of all four of our cases revealed similar cerebral lesions. 
Most often these consisted of nodular aggregates of macrophages in the gray 
matter.  Involvement of the white mat ter  was less frequent, and the granulomas 
were less compact. There were also subependymal accumulations of the macro- 
phages that  elevated or ruptured the overlying ependyma. In all locations the 
macrophages displayed a distinctive pale blue staining with hematoxylin-eosin 
and deep staining by the periodic acid-Schiff and Gomori methanamine-silver 
techniques. Inflammatory cells were rarely encountered about the granulomas, 
although a perivascular infiltrate of lymphocytes and plasma cells was prominent 
in one case. Astrocytic proliferation was prominent around the granulomatons 
lesions. 

By electron microscopy greater variation could be demonstrated in the lesion 
among the four cases than was apparent by the light microscopy. 

In one case macrophages were found containing innumerable bacilli, each 
surrounded by a smooth capsule. More often the maerophages contained an 
admixture of degenerating organisms and collapsed serpiginous membranes. As 
the bacilli degenerated, the protoplasm became irregularly clumped and the cap- 
sule became serrated. In two of the four eases, the maerophages contained pre- 
dominantly large masses of collapsed membranes and only a rare recognizable 
organism. 

Thus it appears that  the cerebral involvement in Whipple's disease is due to 
the presence of organisms that  are morphologically identical to and undergo the 
same sequence of degeneration as the bacilli found in the intestinal lesions (TnI]~ 
et al., 1965; D o s m s s  and RurFIX, 1967). Our observations would support the 
concept that  the membranes are remnants of bacterial walls and capsular material 
(KV~Tz et al., 1962). 

Since bacterial cell walls are heteropolymeric compounds containing carbo- 
hydrate moieties (PE~xIss, 1963), it is understandable that  the periodic acid- 
Sehiff and the Gomori methenamine-silver techniques would not distinguish 
between apparently viable organisms and residual masses of membranes. This 
accounts for the uniformity of staining among our four eases, in two of which the 
electron microscopic study demonstrated varying numbers of organisms with a 
preponderance of membranes. Similarly explained are the observations that  
intestinal biopsy specimens from both untreated and antibiotic-treated cases of 
Whipple's disease display periodic aeid-Schiff staining whereas the organisms 
themselves can be demonstrated only before treatment or during clinical relapses 
(TR I ~  et al., 1965; DOBBINS and RU~FI~, 1967; KURTZ et al., 1962). Furthermore, 
this reconciles the present concepts with the occasional electron microscopic 
reports in which no organisms were identified (ADAMs et al., 1963; FISHE]~, 1962; 
and ItOLL~B~aG, 1962) and with the older concepts that  related Whipple's 
disease to a disorder of glycoprotein metabolism (HAvB~ICH et al., 1960; FISgE~, 
1962) or absorption (BLAcK-Sc~arFI~R, 1949; UPton,  1952). 

Attempts to isolate the organisms in culture from the intestinal biopsy spe- 
cimens have met with limited success. CAnOLI et al (1963) and K~NT et al. (1963) 
have isolated species of Corynebacterium, while KOK et al. (1964) and KzA~lCgEI~i 
et al. (1966) favor a Hemophilus species. SgER~s et al. (1965) were unable to isolate 
any organisms and considered those previously reported as contaminants. Never- 
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theless,  i t  seems mos t  l ike ly  t h a t  the  baci l l i  v isual ized in the  in tes t ine  are of  
et iologic significance in Whipp le ' s  disease. Organisms of th is  na tu re  have  no t  been 
seen in specimens f rom controls  (TRIE~ et al., 1965; P ~ L ~ P S  and  FI~LAY, 1967), 
the  presence of  the  organisms para l le ls  the  clinical  a c t i v i t y  of  the  disease ( T m ~  
et al., 1965; Dos]~i~s and  R u s s i a ,  1967; K u ~ z  et al., 1962), and  a v~r ie ty  of 
organisms  would  be expec ted  if  t hey  were mere ly  secondary  invaders  (Tmsl~ et al., 
1965). W e  feel t h a t  our demons t r a t i on  of  morphologica l ly  ident ica l  baci l l i  in  the  
bra ins  O f pa t i en t s  wi th  Whipp l e ' s  disease fur ther  suppor t s  th is  assumpt ion.  
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